Abstract
The current paper applies theoretical framework embedded in institutional economics as a starting point and employs functionalist perspective as the method of legal comparative analysis. The paper reaches the conclusion that on the European and Dutch national levels there is no divergence between the legal regimes as applicable to natural gas and respectively to biomethane. Whereas in terms of legal provisions related to the odorization of both gases on a more technical and applied level some discrepancies are indeed identified, it is established that these differences are dictated by the technical and market aspects of the current Dutch practices of biomethane production and injection into the natural gas grid, rather than by regulatory disconnection between technology development and legal system.

INTRODUCTION
What does natural gas smell like? Most people would be inclined to say that it has an easily recognizable, characteristic smell, somewhat similar to that of rotten eggs. 3 However this answer is only correct for the natural gas we consume in our homes, for example for cooking. This natural gas is odorized: an odorant substance is added to it as to make it smell characteristically, as natural gas is in fact a colorless and an odorless substance, difficult to detect in ambient air. 4 Odorization is crucial for safe gas consumption, as it allows a lay person to detect gas leakages and to take measures to eliminate them. 5 Would consumers be alarmed if the gas smelled differently, e.g. like citrus, or did not smell at all? Most probably not, as this smell is not alarming, and it is not associated with leaking gas in the minds of most people. 6 It is clear that improper odorization of gas could potentially lead to significant damages of health and property, due to e.g. fires, expositions, methane intoxication.
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Ensuring a characteristic and sufficient odor of gas, either by the means of appropriate legal framework or by other measures, is therefore critical for safety.
European energy market is far from static. 8 In the recent years two main developments have shaped its dynamics: liberalization and drive towards integrated internal market on one hand, and the emergence of security of supply and climate change concerns, as well as of renewable energy sources (RES) on the other hand. 9 As result of liberalization, production and odorization/ transport of natural gas take place in two different companies, as opposed to historic situation when those activities took place within the same vertically integrated company. 10 At the same time, the share of RES in the energy mix of European Union is increasing. 11 An important development for the gas sector is the emergence of biomethane-biogas upgraded to the quality to natural gas-that can be injected into the natural gas network. 12 Just like natural gas, biomethane has to be odorized in order to possess a characteristic alarming 'gas' smell.
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Biomethane is increasingly recognized as an equivalent to natural gas in legal terms: e.g. Third Energy Package 14 applies in equal measure to both biomethane and natural gas. 15 This is also the case in the 3 4 Tenkrat et al. (2010) 5 , Cagnon et al. (2004) 6 , Tempelman and Butenko (2013) 7 Tempelman and Butenko (2013) 8 Roggenkamp and Tempelman (2012) 9 Butenko and Holstein (2013) 10 Roggenkamp and Tempelman (2012) 11 Butenko and Holstein (2013) 12 Ibid. 13 Tempelman and Butenko (2013) Dutch national legislation. 16 In view of the above issues, an important research question (and also the main question of the current paper) arises, and namely: Are the legal developments on European and Dutch national level in relation to biomethane translating into an equal legal regime applicable to its odorization in comparison to natural gas?
Paper Outline
The current paper is structured as follows: Firstly, the methodology and approach to the comparative analysis of legal regimes applicable to both gases are highlighted and the choices made are motivated from the theoretic perspective. Furthermore, the developments taking place on the European and subsequently on national Dutch gas markets are discussed, as to indetify the commonalities and discrepanies, as well as to provide the reader with sufficient context regarding the main research question of the current paper. Thirdly, the technical process(es) of odorization, and the current legal frameworks, as applied in the Netherlands to the natural gas and to biomethane are discussed, and the differences/ commonalities between the two are identified and analyzed. Finally, the findings of the analysis are regarded from the perspective of the main research question of the current paper, and the conclusions are drawn. 15 Art. 1 para. 2 of the Gas Directive (see note 14 above) states that: 'The rules established by this Directive for natural gas, including LNG, shall also apply in a non-discriminatory way to biogas and gas from biomass or other types of gas in so far as such gases can technically and safely be injected into, and transported through, the natural gas system.' In relating the proposed theoretical framework to biomethane and natural gas, it is noted that the legal framework relevant to the respective gases on EU and national level represents formal institutions: e.g. the Renewable Energy Sources Directive 21 and Third Energy Package 22 on EU level, and the Dutch Gas Act on the national level. 23 The formal institutions can change within decades, whereas the institutional arrangements can change more often, e.g. between one year and a decade. 24 Technical codes and standards related to the norms and rules for e.g. the odorization of natural gas and/ or biomethane qualify as an example of institutional arrangements.
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Using the above-described theoretical framework as a starting point, the current paper focuses on contrasting the formal institutions on European and subsequently national level applicable to the odorization of natural gas to those respectively applicable to the odorization of biomethane. The paper also contrasts the institutional arrangements applicable to both gases on the national level in the Netherlands. The established degree of coherence across the three levels in treating biomethane in a manner similar to natural gas contributes to either confirming or discounting the hypothesis, and namely: A negligent degree of discrepancy between the legal regimes applicable to natural gas' and respectively to biomethane's odorization represents significant progress towards treating biomethane as a 'regular' energy source, and therefore is illustrative of significant impact of recent changes in the energy market upon the legal regimes on odorization. Alternatively, a large degree of discrepancy between the two is indicative of a potential risk of 'regulatory disconnection': the 17 Künneke (2008) , Künneke and Groenewegen (2009) 18 Künneke and Groenewegen (2009) 19 Butenko and Holstein (2013) 20 Künneke and Groenewegen (2009) Butenko and Holstein (2013) 24 Künneke and Groenewegen (2009) 25 Butenko and Holstein (2013) technology (i.e. biomethane) might have progressed further than the regulatory framework applicable to it.
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In terms of adopted theoretic approach, the current paper builds on the much criticized in academic debate 27 functionalist perspective. 28 To elaborate: one of the most controversial and debated assumptions behind this perspective is that most, if not all, legal systems are facing the same or very similar problems, which could be dealt with in a different way. 29 The common denominator of the problems encountered in various legal systems is seen by the adopters of this method as sufficient grounds for comparison. 30 The frequent criticism discounting such assumption as a valid comparison basis is the observation that 'insofar as specific problems remain themselves culture-bound, it is senseless to speak of problems common to all societies and legal systems'. 31 Whereas this is a relevant argument for many problems the society is facing that are addressed by the available legal means, it is certainly not accurate in case of highly technical issues, characterized by a high degree of homogeneity-such as the odorization of gas. Even though differences in gas quality specifications across the EU Member States exist (most notably methane content of gas), it is fairly accurate to state that gas is a commodity, and as such a highly homogeneous product (the existing quality differences are easily addressed by relevant technical processes). These differences also do not have an impact on the fairly straightforward fact: gas delivered to the end consumers should possess a characteristic alarming smell for the purposes of safety. 32 Moreover, the same holds for biomethane delivered to consumers via the natural gas network: in the end both natural gas and biomethane need to be odorized prior to delivery to end customers, and consumption. Therefore it is argued that odorization of natural gas (and biomethane) is an example of a problem occurring in all EU Member States which have a natural gas system.
According to de Coninck, a popular strategy adopted by the proponents of the functionalist approach 'consists in establishing one or more properties shared by the items to be compared, that will serve as a point of reference from which to compare them'. 33 This strategy is also heavily criticized on the account that it largely omits differences between the aspects of the allegedly similar problems in different systems under comparison. 34 This criticism is easily fended by the choice of odorization of natural gas and odorization of biomethane as basis for comparison. To elaborate: Natural gas and biomethane are at the same time quite similar, and rather different. As explained in more detail in section 4 of the current paper, biomethane possesses essentially the same quality characteristics as natural gas (in terms of methane content and the main components), however the technicalities of 26 Brownsword and Goodwin (2012) the odorization processes can differ due to its specific characteristics, such as the presence of unexpected components and low flows. 35 Moreover, the technical process of odorization is the same for the two gases in the Netherlands. 36 In addition, the same legal provisions both on EU (Third Energy Package) and on national levels (Dutch Gas Act) apply in equal measure to natural gas and biomethane. 37 These properties make natural gas and biomethane good comparison basis for the legal regimes. Moreover, this case represents a unique opportunity to analyze essentially the same larger problem (gas has to possess odor) from two different aspects: as it has been highlighted above biomethane differs from natural gas in a number of important ways.
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An additional criticism of the functionalist method is the alleged disregard of the differences inherent to the legal systems under comparison. 39 This criticism is not applicable to the current paper, as the choice has been made to compare the legal framework applicable to the odorization of natural gas to that applicable to the odorization of biomethane in the Netherlands, i.e. within the same country, as opposed to cross-country comparison. It is proposed that such comparison is effective as it highlights the nature of differences and similarities between the provisions within the same legal system, and hence offers a clear-cut perspective on these, without the necessity of considering the effects of the historic, cultural, etc., differences in the legal systems of the countries under investigation. The Netherlands is chosen as the comparison basis for a number of reasons, one of the most important being its flagship position in Europe in terms of injecting biomethane into the natural gas grid. 40 The country is also a frontrunner in terms of liberalization: its gas monopoly was unbundled in 2005, even before it was mandatory in view of the Third Energy Package requirements (adopted in 2009).
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Moreover, as the issue of natural gas and biomethane odorization is a highly complex and technical one, and the available literature on the topic is all but abundant (even on technical aspects, not even mentioning the legal ones), a certain degree of familiarity with the structure of national energy market is required. Finally, but not least importantly, the national legal framework applicable to odorization is often as complex as the issue itself, and in some cases reflected in specialized technical codes, reading which without a thorough language familiarity is a challenge.
The comparative analysis used in the current paper is employing both historic and current temporal perspectives. The former is used in mapping and analyzing the progress of European Energy Packages made in relation to liberalization and biogas/ biomethane provisions. The latter is applied to the comparison of the present provisions of the Dutch legal framework applicable to the odorization of natural gas and biomethane respectively. The comparative analysis is based mainly on the primary legislative sources, such as EU Energy Packages and Dutch Gas Act. Available secondary literature, albeit mostly of technical and economic nature, is also used.
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FORMAL INSITUTUTIONS: THE EFFECT OF THE RECENT DEVELOPMENTS ON THE EUROPEAN AND DUTCH GAS MARKET
The current section discusses two of the main developments impacting the dynamics of the EU-wide and Member States' gas markets and setting the scene for the changes in the regimes related to gas odorization: liberalization and drive towards internal market, as well as the emergence of renewable energy sources (RES). The historic temporal perspective is used for comparative analysis of legislative progress in both directions.
Liberalization and internal market drive
Prior to the start of the liberalization process, the European gas market was nothing more than a patchwork of national markets, each with their own specific characteristics, scarcely integrated, and with regulatory regimes characterized by a high degree of discrepancy. It should be mentioned that the Second Gas Directive has paid specific attention to renewable gases, such as biomethane (compared to the First Gas Directive, which contains no mention thereof), obliging the Member States to ensure that 'taking into account the necessary quality requirements, biogas and gas from biomass or other types of gas are granted non-discriminatory access to the gas system, provided such access is permanently compatible with the relevant technical rules and safety standards'. 47 This Directive's rules applied in equal measure 'to biogas and gas from biomass or other types of gas in so far as such gases can technically and safely be injected into, and transported through, the natural gas system.' 48 In practice this meant that raw biogas (not upgraded) would not fall under the Directive's provisions, as it is not possible to inject it into the network due to the impurities it contains, and the difference in quality with natural gas, which makes its transport in 42 Haase (2008) 43 Tempelman and Butenko (2013) , Roggenkamp and Tempelman (2012) , Haase (2008) natural gas pipelines incompatible with safety. 49 Biomethane, however, would fall under the scope of the Directive, as it is upgraded to the quality of natural gas, and essentially undistinguishable from the latter.
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The Third Gas Directive includes the same provisions related to 'biogas and gas from biomass or other types of gas' as the Second Gas Directive does. 51 It also extends these provisions in stating that the 'Member States should take concrete measures to assist the wider use of biogas and gas from biomass, the producers of which should be granted non-discriminatory access to the gas system, provided that such access is compatible with the relevant technical rules and safety standards on an ongoing basis'. 52 The demonstrates a clear progress from the side of Brussels decision-makers towards increasing support for renewable gases. Moreover, under the provisions of the Third Gas Directive (and prior to this the Second Gas Directive), biomethane was essentially 'equated in rights' with the natural gas, as long as it corresponded to the quality requirements making it safe and possible to transport.
Renewable Energy Sources (RES)
The issues related to the climate change mitigation and energy transition take center stage in both public and political debate. Wind, solar, biofuel and geothermal energy are the main types of RES in the Netherlands. 63 However in the last couple of years biomethane (biogas upgraded to the natural gas quality which can be injected into the natural gas grid) has been gaining ground. 64 The national targets in relation to biomethane are also ambitious: Dutch government aims to replace around 8-10% of total national gas demand by biomethane by 2020, 65 compared to its current share of just around 1%.
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The changes in the relative importance of biomethane for the energy mix of the Netherlands are also observable in the progress of national legislation: in 2012 the Dutch Gas Act was revised, and the definition of 'gas' was extended to include besides natural gas also substances produced in a facility that exclusively uses renewable energy sources. 67 An additional requirement to qualify as 'gas' is that the substance in question at the temperature of 15° Celsius and at the pressure of 1,01325 bar should be in gaseous form, should consist primarily of methane or another substance which has characteristics equivalent to those of methane, and it should be possible and safe to transport this substance in accordance with the provisions of the Dutch Gas Act. 68 Therefore, under the Dutch Gas Act biomethane qualifies as gas, which essentially makes it an equivalent of natural gas both in physical properties' and legal terms. 
Analysis
The overview of the recent developments on the European and Dutch gas market, and of the resulting formal institutions on both EU and national level, is relevant for a number of reasons: First, Butenko and Holstein (2013) , Tempelman and Butenko (2013) , Butenko et al. (2012) 65 More information is available online at http://groengas.nl/wat-is-groen-gas/belang-van-groen-gas/ (in Dutch), last accessed on 19 June, 2014 66 Butenko and Holstein (2013) 67 Art. 1 of the Dutch Gas Act, see supra note 16 68 Ibid. 69 Tempelman and Butenko (2013) creation of internal market on one hand, and acknowledging renewable gases, such as biomethane, as on par alternatives to natural gas, on the other hand. This indicates that on the European legislative level, as exemplified by the Energy Packages, there is no discrepancy between the provisions related to natural gas and those related to biomethane, and hence there is no regulatory disconnection.
Secondly, an obvious trend towards an increased share of renewable energy sources in both European and Dutch energy mix is present. Given the ambitious targets expressed in the RES Directive and on the national level in the Netherlands, as well as the accompanying security of supply concerns triggered by growing dependence on gas imports from outside EU, the share of RES is only bound to increase over time. 70 Such renewable upsurge is a challenge not only in technical terms, but also for the legal system, which needs to keep up with the technologic developments. 71 However, the recent effort of the Dutch government to extend the Gas Act as to include biomethane is indicative of the efforts to breach this gap. 72 Hence, also on Dutch national level biomethane is acknowledged as an alternative to natural gas (in legal terms), and no divergence between the legal regimes as applicable to natural gas and to biomethane is identified. However, it should be mentioned that this interim conclusion extends only to the provisions of the formal institutions: specific aspects related to the process of odorization (i.e. institutional arrangements) might display different results, and therefore are investigated in the section below.
70 See supra note 58 71 Butenko and Holstein (2013) 72 Art. 1 of the Dutch Gas Act, see supra note 16 4
INSTITUTIONAL ARRANGEMENTS: ODORIZATION OF NATURAL GAS AND OF BIOMETHANE IN THE NETHERLANDS
In the current section the technical process of odorization as applied to natural gas is compared to that applied to biomethane in the Netherlands. The similarities and differences between the two are identified and analysed. The aim of this comparative analysis is to build the basis for the functionalism prism applied in the current paper, and namely to address both the common and the diverging aspects of the problems under investigation. These technicalities represent the institutional arrangements, as discussed in section 2 of the current paper. As previously mentioned, odorization of both gases is essentially representative of a larger issue encountered by any country with a natural gas system, and namely that gas delivered to end consumers should have an odorant added to it as to provide characteristic smell.
After the problem has been described and analyzed, thereby establishing the relevance and applicability of the functionalist approach in its traditional interpretation, 73 comparative analysis of the Dutch national legal provisions in relation to the odorization processes of the respective gases is performed. The results of this comparison are critically analyzed in view of the current paper's main research question, and proposed aims.
Odorization of natural gas
Odorization has traditionally been perceived by both the limited technical and legal communities that paid attention to this issue in the European gas market as a matter of safety and a sub-issue of gas quality, and therefore a matter for the attention of the Member States. 74 It was seen as a given that gas delivered to the consumers (households) had to be odorized, however the means to do so were not specifically important. 75 In combination with the fact that prior to the process of liberalization and internal market creation the national gas markets of the EU Member States were highly heterogeneous and not well interconnected, 76 this led to the situation when the odorization practices are quite divergent across the countries.
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Natural gas is odorized in the gas grid, however the level of the network where this occurs can differ between the Member States. 78 In some countries (e.g. France and Ireland) natural gas is odorized as soon as it enters the national high pressure transmission grid. 79 In such cases the odorization is performed by the respective TSO. In other countries the odorization takes place at the interconnection points between the high pressure and medium pressure (also called 'regional') 73 Zweigert and Kötz (1997) 74 ), Cagnon (2004 75 Ibid. 76 Roggenkamp and Tempelman (2012) , Haase (2008) 77 Cagnon (2004) 78 Tempelman and Butenko (2013) , Cagnon (2004) 79 Cagnon (2004) transmission pipelines, both operated by the TSO. 80 This practice is adopted in e.g. Denmark and the Netherlands. 81 In the latter, the gas is odorized at the Metering and Regulating stations (M&Rs) between the two parts of the transmission grid. 82 The odorization is performed by Gas Trasport Services (GTS), the daughter company of Gasunie and the Dutch national TSO. 83 Moreover, gas odorization at the level of the distribution system is possible: this is often referred to as 'city gate odorization' and represents the last possible (from technical perspective) possibility to odorize natural gas before it reaches the final consumers. 84 Such practice is adopted in e.g. Germany and
Italy, and the odorization is performed by the DSOs. 85 The above-described divergence in odorization approaches across EU Member States represents a barrier to the interoperability between the systems of neighboring countries, and therefore hampers the creation of internal market (e.g. as odorized gas from Ireland cannot flow to UK, where it is odorized only at regional level, due to technical safety considerations).
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As mentioned earlier in the current paper, natural gas is colorless and odorless, which means that it is not easily detectable by a lay person (or a professional for that matter) in the ambient air in case of a leak, which represents significant health and property damage risks. 87 The process of odorizing natural gas involves adding to it an odorant substance (also referred to as 'stenching agent') as to ensure the characteristic smell the lay person associates with 'gas smell'. 88 The concentration of the odorant should be proper: not too little and not too much. Excessive presence of odorant can cause health problems, and insufficient concentration can fail to warn the consumers early enough. Generally, the odorant should allow the regular household consumer to 'smell' gas as soon as its concentration is around 1% of the ambient air. Tempelman and Butenko (2013) , ), Cagnon (2004 88 Ibid. 89 90 Cagnon (2004) been discovered in the Netherlands, and it has been subsequently removed from the list of substances allowed for digestion, there exists a possibility that other unexpected substances will negatively impact the odor of biomethane and therefore will present a risk in case of a leakage. 116 Moreover, due to the fact that natural gas in the Netherlands is odorized at the transmission level, where both the pressure and the flow of gas are large, the traditional odorization equipment is designed for these characteristics, and does not always function properly when applied in the conditions of low pressures and flows, as is the case with the odorization of biomethane. 
Analysis
Above both the similarities and the discrepancies between the odorization process' technical and the legal aspects applicable to natural gas and to biomethane were identified and analysed. In terms of technical differences, it has been identified that natural gas is predictable regarding the presence of unexpected components, and that its odorization occurs in the conditions of high pressure and flow. Biomethane, on the other hand, has a less 'stable' composition and can contain components masking the odor. The odorization also occurs in the conditions of low pressure and flow, and the traditional odorization techniques designed for natural gas do not always work properly in these conditions. This analysis further confirms the methodological choice of functionalism, as the latter is most effectively applied to problems which are similar to a sufficient extent as to allow for their comparison, however the differences in which are also taken into account.
In terms of legal provisions, an important difference is that odorization of natural gas is performed by the TSO, whereas biomethane is odorized by the injector, who may or may not be the producer of biomethane/ biogas. The provisions regarding the concentration of the odorant in the gas are the same for both natural gas and biomethane (NEN 7244 standard), however the obligation to do so is achieved by different means: directly by the Dutch Gas Act for the TSO, and indirectly by the Network Code (even though the latter is also based on the Gas Act) imposed by the DSOs on the biomethane injectors.
These commonalities on one hand, and discrepancies on the other hand, confirm that the chosen approach to comparative analysis-the prism of functionalism -is indeed an effective one also when applied to the analysis of legal provisions. The issue is technically quite similar (gas is odorized), however the legal means to achieve this are different. It is also important to observe that these discrepancies are taking place within the same national legal system, and hence cannot be attributed to the inherent differences between the legal systems, as could be the case in the cross-country comparison. The performed comparative analysis discounts one of the initial assumptions of the current paper, and namely that the legal framework applicable to biomethane might be displaying the 'symptoms' of regulatory disconnection, when the technology develops faster than the respective laws. Contrary to this assumption, careful comparison between the natural gas and biomethane performed above suggests that the applicable legal framework (on the institutional arrangements level) is rather dictated by the technical aspects: the biomethane injectors prefer to inject their gas into distribution networks, and at decentralized locations, and hence it is logical that they are the party responsible for the odorization as opposed to the DSOs (would make sense in case of centralized injection locations), and TSO (would only make sense in case of large volumes injection into the transmission grid at centralized locations).
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CONCLUDING REMARKS
The current paper applied the theoretical framework embedded in institutional economics as a starting point, differentiating between the three institutionbal layers: informal, formal, and institutional arrangements. Employing functionalist perspective as the method of legal comparative analysis, this paper contrasted the formal institutions on European and subsequently national level applicable to the odorization of natural gas to those respectively applicable to the odorization of biomethane. The paper also contrasted the institutional arrangements applicable to both gases on the national level in the Netherlands. The aims of such comparative analysis were to either support or discount the proposed hypothesis, and namely that insignificant differences between the legal regimes applicable to natural gas' and respectively to biomethane's odorization are indicative of visible progress towards treating biomethane as a 'regular' energy source and hence of the impact that the recent changes in the energy market had upon the legal regimes relevant to the odorization process. On the other hand, large differences between the two point to a potential risk of 'regulatory disconnection'-a situation when the technology (i.e. biomethane) progresses further than the regulatory framework relevant to it.
In applying historic temporal perspective to the comparative analysis of legislative progress in two directions of the EU-level formal institutions-that of liberalization and drive towards internal market, and that of the emergence of RES-an unequivocal progress towards acknowledging renewable gases, such as biomethane, as on par alternatives to natural gas is observed. This indicates that on the level of European formal institutions, as exemplified by the Energy Packages, there is no discrepancy between the provisions related to natural gas and those related to biomethane, and hence there is no regulatory disconnection. The same trend is witnessed on Dutch national level of formal institutions, concerning the general provisions on natural gas and biomethane: due to the effort of the Dutch government to extend the Gas Act as to include biomethane, the latter is acknowledged as an alternative to natural gas (in legal terms), and no divergence between the legal regimes as applicable to natural gas and to biomethane is identified.
In terms of legal provisions on the level of institutional arrangements, it is identified that some discrepancies between the legal regimes under investigation indeed exist, and are reflected in the legal means to oblige the party to odorize (Dutch Gas Act for natural gas versus Network Code for biomethane), as well as the choice of the responsible party (TSO versus biomethane injector). However, it is established that the identified differences are dictated by the technical and market aspects of the current Dutch practices of biomethane production and injection into the natural gas grid, rather than by regulatory disconnection between technology development and legal system. This paper benefited from the application of functionalist approach in its traditional interpretation. It can be confidently concluded that functionalist perspective is, in fact, quite effective when applied to the issues of highly technical nature, which tend to be rather homogenous across the Member States of the EU.
